TITLE OF THE INVENTION 
METHOD AND APPARATUS FOR SEPARATING SAMPLE 

FIELD OF THE INVENTION 
5 The present invention relates to a method and 

apparatus for separating a sample such as a bonded 
substrate stack, a transfer film transfer method, a 
substrate manufacturing method, and a semiconductor 
device and a method of manufacturing the same. 

10 

BACKGROUND OF THE INVENTION 

A substrate (SOI substrate) having an SOI 
(Silicon On Insulator) structure is known as a 
substrate having a single-crystal Si layer on an 
15 insulating layer. A device using this SOI substrate 

has many advantages that cannot be achieved by ordinary 
Si substrates. Examples of the advantages are as 
follows . 

(1) The integration degree can be increased 
20 because dielectric isolation is easy. 

(2) The radiation resistance can be increased. 

(3) The operating speed of the device can be 
increased because the stray capacitance is small. 

(4) No well step is necessary. 
_25 (_5J_ _Latch^up_can be prevented . 

(6) A complete depletion type field effect 
transistor can be formed by thin film formation. 
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Since an SOI structure has the above various 
advantages, researches have been made on its formation 
method for several decades. 

As a method, an SOI structure is formed by 
5 bonding a single-crystal Si substrate to another 
thermally oxidized single-crystal Si substrate by 
annealing or an adhesive. In this method, an active 
layer for forming a device must be uniformly thin. 
More specifically, a single-crystal Si substrate having 
10 a thickness of several hundred micron must be thinned 
down to the micron order or less. 

To thin the substrate, polishing or selective 
etching can be used. 

A single-crystal Si substrate can hardly be 
15 uniformly thinned by polishing. Especially, in 

thinning to the submicron order, the variation range is 
several ten %. As the wafer size becomes large, this 
difficulty becomes more pronounced. 

Selective etching is effective to uniformly thin 
20 the substrate. However, the selectivity ratio is as 
low as about 10 2 , the surface planarity after etching 
is poor, and the crystallinity of the SOI layer is 
unsatisfactory. 

The present applicant has disclosed a new SOI 

25 technique _in_ Japanese Patent _Laid-Open No. 5-021338 . 

In this technique, a first substrate obtained by 
forming a porous layer on a single-crystal Si substrate 
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and a non-porous single-crystal layer on its surface is 
bonded to a second substrate via an insulating layer. 
After this, the bonded substrate stack is separated 
into two substrates at the porous layer, thereby 
5 transferring the non-porous single-crystal layer to the 
second substrate. This technique is advantageous 
because the film thickness uniformity of the SOI layer 
is good, the crystal defect density in the SOI layer 
can be decreased, the surface planarity of the SOI 
10 layer is good, no expensive manufacturing apparatus 
with special specifications is required, and SOI 
substrates having about several hundred-A to 10-Jim 
thick SOI films can be manufactured by a single 
manufacturing apparatus. 
15 The present applicant has also disclosed, in 

Japanese Patent Laid-Open No. 7-302889, a technique of 
bonding first and second substrates, separating the 
first substrate from the second substrate without 
breaking the first substrate, smoothing the surface of 
20 the separated first substrate, forming a porous layer 
again, and reusing the substrate. Since the first 
substrate is not wasted, this technique is advantageous 
in largely reducing the manufacturing cost and 
simplifying the manufacturing process. 

_ 25 - - To. separate _the ^bonded .substrate stack into two 

substrates without breaking the first and second 
substrates, the following methods are available: the 
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two substrates are pulled in opposite directions while 
applying a force in a direction perpendicular to the 
bonding interface; a shearing force is applied parallel 
to the bonding interface (for example, the two 
5 substrates are moved in opposite directions in a plane 
parallel to the bonding interface, or the two 
substrates are rotated in opposite directions while 
applying a force in the circumferential direction) ; 
pressure is applied in a direction perpendicular to the 

10 bonding interface; a wave energy such as an ultrasonic 
wave is applied to the separation region; a peeling 
member (e.g., a sharp blade such as a knife) is 
inserted into the separation region parallel to the 
bonding interface from the side surface side of the 

15 bonded substrate stack; the expansion energy of a 
substance filling the pores of the porous layer 
functioning as the separation region is used; the 
porous layer functioning as the separation region is 
thermally oxidized from the side surface of the bonded 

20 substrate stack to expand the volume of the porous 

layer and separate the substrates; and the porous layer 
functioning as the separation region is selectively 
etched from the side surface of the bonded substrate 
stack to separate the substrates. 

25 __ P_orous_ Si jwas_ f ound_ in _1_9_5_6_ by Uhlir et al . who 

were studying electropolishing of semiconductors 
("Electrolytic Shaping of Germanium and Silicon", A. 
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Uhlir, Bell System Technical Journal Vol.35, pp. 333- 
347, March, 1956) . 

Porous Si can be formed by anodizing an Si 
substrate in an HF solution. 
5 Unagami et al. studied the dissolution reaction 

of Si upon anodizing and reported that holes were 
necessary for anodizing reaction of Si in an HF. 
solution, and the reaction was as follows ("Formation 
Mechanism of Porous Silicon Layer by anodization in HF 
10 Solution" T. Unagami, Journal of the Electrochemical 
Society, Vol. 127, pp. 476-483, 1980T. Unagami). 

Si + 2HF + (2 - n)e* -> SiF 2 + 2H + ne" 

SiF 2 + 2HF -> SiF 4 + H 2 

SiF 4 + 2HF -> H 2 SiF 6 

15 or 

Si + 4HF + (4 - X)e -> SiF 4 + 4H + Xe 

SiF 4 + 2HF -> H 2 SiF 6 
where e and e represent a hole and an electron, 
respectively, and n and A. are the number of holes 
20 necessary to dissolve one Si atom. According to them, 
when n > 2 or X > 4, porous Si is formed. 

The above fact suggests that p-type Si having 
holes is converted into porous Si while n-type Si is 
not converted. The selectivity in this conversion has 

25- -been- reported _by_Nag_anq et a tl. and lmai ("Oxidized 

Porous Silicon and It's Application" K. Nagano et al., 
(The transactions of the institute of electronics and 
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communication engineers), The Institute of Electronics, 
Information and Communication Engineers, Vol. 79, pp. 
49-54, SSD79-9549, 1979), ("A New Dielectric Isolation 
Method Using Porous Silicon" K. IMAI, Solid-State 
5 Electronics, Vol. 24, pp. 159-164, 1981). 

However, it has also been reported that n-type at 
a high concentration is converted into porous Si 
("Complete dielectric isolation by highly selective and 
self-stopping formation of oxidized porous silicon" R.P 

10 Holmstrom and J.Y. Chi, Applied Physics Letters, Vol. 
42, pp. 386-388, 1983) . Hence, it is important to 
select a substrate which can be converted into a porous 
Si substrate independently of p- or n-type. 

To form a porous layer, instead of the above 

15 anodizing method, for example, a method of implanting 
ions into a silicon substrate may also be used. 

For example, in the method described in Japanese 
Patent Laid-Open No. 5-021338, i.e., the method of 
preparing a substrate (to be referred to as a bonded 

20 substrate stack hereinafter) by bonding a first 
substrate having a non-porous layer such as a 
single-crystal Si layer on a porous layer to a second 
substrate via an insulating layer, and separating the 
bonded substrate stack at the porous layer so as to 

25-- transfer _the_ n_on-porou_s _layer_f ormed on the first 

substrate side to the second substrate, the technique 
of separating the bonded substrate stack at high 
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reproducibility and high yield is very important. 



SUMMARY OF THE INVENTION 
The present invention has been made in 
5 consideration of the above situation, and has as its 
object to improve the reproducibility and yield in 
separating, e.g., a sample or composite member such as 
a bonded substrate stack. 

According to the first aspect of the present 
10 invention, there is provided a separating apparatus for 
separating a sample by a fluid, characterized by 
comprising a holding portion for holding a sample 
having a separation layer inside, a nozzle for 
injecting a fluid to the separation layer of the sample 
15 held by the holding portion, a fluid supply portion for 
supplying the fluid to the nozzle, wherein the fluid 
supply portion suppresses a variation in pressure of 
the fluid to be supplied to the nozzle within a 
predetermined range during separation processing so 
20 that the fluid is ejected from said nozzle at 
substantially constant pressure. 

The fluid supply portion preferably suppresses 
the variation in pressure of the fluid to be supplied 
to the nozzle within ±10% of a target pressure during 

-25 — the- sep a-r at io n_ pro cessing,. 

The fluid supply portion preferably comprises a 
servo-driven pump and supplies the fluid to the nozzle 
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from the servo-driven pump. 

The separating apparatus according to the first 
aspect of the present invention preferably further 
comprises a rotational drive portion for rotating the 
5 sample about an axis perpendicular to the separation 
layer by rotating the holding portion. 

The separating apparatus according to the first 
aspect of the present invention preferably further 
comprises an operation mechanism for changing a 

10 position where the fluid is injected from the nozzle to 
the sample along with progress of the separation 
processing. The operation mechanism preferably changes 
the position where the fluid is injected to the 
separation layer of the sample gradually or stepwise 

15 from a peripheral portion to a central portion of the 
separation layer along with progress of the separation 
processing . 

The sample preferably has, outside the separation 
layer, a concave portion recessed from a side surface. 

20 The separation layer is preferably a fragile 

layer, e.g., a layer formed by anodization or ion 
implantation . 

According to the second aspect of the present 
invention, there is provided a separating method of 

25 separating _a_ samp le_ by a fluid, characterized in that a 

sample having a separation layer inside is separated at 
the separation layer while injecting a fluid whose 



variation in pressure is suppressed within a 
predetermined range to the separation layer of the 
sample . 

According to the third aspect of the present 
5 invention, there is provided a transfer method of 

transferring a transfer layer on a surface of a first 
member to a second member, characterized by comprising 
the preparation step of preparing a composite member by 
bringing the first member having a separation layer 

10 inside and the transfer layer on the separation layer 

into tight contact with the second member, and the step 
of separating the composite member at the separation 
layer while injecting a fluid, maintained at 
substantially constant pressure by suppressing 

15 variation in pressure within a predetermined range, to 
the separation layer of the composite member, thereby 
transferring the transfer layer of the first member to 
the second member. 

According to the fourth aspect of the present 

20 invention, there is provided a substrate manufacturing 
method characterized by comprising the preparation step 
of preparing a bonded substrate stack by bonding a 
first substrate having a separation layer inside and a 
transfer layer on the separation layer to a second 
-25- _ .substrate, _ and_ the_ separation step of separating the 
bonded substrate stack at the separation layer while 
injecting a fluid, maintained at substantially constant 
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pressure by suppressing variation in the pressure 
within a predetermined range, to the separation layer 
of the bonded substrate stack. 

The predetermined range is preferably ±10% of a 
5 target pressure. 

In the separation step, preferably, the pressure 
of the fluid is servo-controlled. 

In the separation step, preferably, the bonded 
substrate stack is separated while being rotated about 
10 an axis perpendicular to the separation layer. 

In the separation step, preferably, the bonded 
substrate stack is separated while changing a position 
where the fluid is injected to the bonded substrate 
stack along with progress of separation processing. In 
15 the separation step, more preferably, the bonded 
substrate stack is separated while changing the 
position where the fluid is injected to the separation 
layer of the bonded substrate stack gradually or 
stepwise from a peripheral portion to a central portion 
20 of the separation layer along with progress of the 
separation processing. 

The separation layer is preferably a fragile 
layer, e.g., a layer formed by anodization or ion 
implantation . 

-25_ .The transfer^ layer preferably includes a 

single-crystal Si layer, and more preferably, in 
addition to the single-crystal Si layer, an insulating 
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layer on the single-crystal Si layer. 

According to the fifth aspect of the present 
invention, there is provided a semiconductor device 
manufacturing method characterized by comprising the 
5 steps of preparing an SOI substrate using the substrate 
manufacturing method according to the fourth aspect of 
the present invention, and element-isolating an SOI 
layer of the SOI substrate and forming a transistor on 
the element-isolated SOI layer. 
10 The transistor may be either a partial depletion 

type FET or a complete depletion type FET . 

Other features and advantages of the present 
invention will be apparent from the following 
description taken in conjunction with the accompanying 
15 drawings, in which like reference characters designate 

the same or similar parts throughout the figures thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The accompanying drawings, which are incorporated 
20 in and constitute a part of the specification, 

illustrate embodiments of the invention and, together 
with the description, serve to explain the principles 
of the invention. 

Figs. 1A to IE are schematic views for explaining 

-25- - the step -of- forming _a porous. layer " in a __subst_rate 

manufacturing method according to a preferred 
embodiment of the present invention; 
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Fig. 2 is a view showing the arrangement of a 
separating apparatus according to a preferred 
embodiment of the present invention; 

Fig. 3 is a view showing the schematic 
5 arrangement of a servo-driven pump; 

Fig. 4 shows a plan view and graph showing a 
state (initial stage) wherein a bonded substrate stack 
is separated by a so-called water jet apparatus using 
water as a fluid while rotating the bonded substrate 
10 stacks- 
Fig. 5 shows a plan view and graph showing a 
state (intermediate stage) wherein the bonded substrate 
stack is separated by the so-called water jet apparatus 
using water as the fluid while rotating the bonded 
15 substrate stack; 

Fig. 6 shows a plan view and graph showing a 
state (final stage) wherein the bonded substrate stack 
is separated by the so-called water jet apparatus using 
water as the fluid while rotating the bonded substrate 
20 stack; 

Fig. 7 shows a plan view and graph showing a 
state (initial stage) wherein the bonded substrate 
stack is separated while suppressing a variation in 
pressure of the fluid within a predetermined range in 
25 _ accordance^ with _a_ preferred embodiment of the present 
invention; 

Fig. 8 shows a plan view and graph showing a 
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state (intermediate stage) wherein the bonded substrate 
stack is separated while suppressing the variation in 
pressure of the fluid within the predetermined range in 
accordance with a preferred embodiment of the present 
5 invention; 

Fig. 9 shows a plan view and graph showing a 
state (final stage) wherein the bonded substrate stack 
is separated while suppressing the variation in 
pressure of the fluid within the predetermined range in 
10 accordance with a preferred embodiment of the present 
invention; 

Fig. 10 shows a plan view and graph showing a 
state (initial stage) wherein the bonded substrate 
stack is separated while controlling the nozzle 
15 position and suppressing a variation in pressure of the 
fluid within a predetermined range in accordance with 
another preferred embodiment of the present invention; 

Fig. 11 shows a plan view and graph showing a 
state (intermediate stage) wherein the bonded substrate 
20 stack is separated while controlling the nozzle 

position and suppressing the variation in pressure of 
the fluid within the predetermined range in accordance 
with another preferred embodiment of the present 
invention; 

25 Fig. 12 shows a plan view and graph showing a 

state (final stage) wherein the bonded substrate stack 
is separated while controlling the nozzle position and 
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suppressing the variation in pressure of the fluid 
within the predetermined range in accordance with 
another preferred embodiment of the present invention; 
and 

5 Figs. 13A to 13D are sectional views showing a 

method of manufacturing a semiconductor device using a 
semiconductor substrate manufactured using the 
substrate manufacturing method according to the 
preferred embodiment of the present invention. 

10 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Preferred embodiments of the present invention 
will be described below with reference to the 
accompanying drawings. 
15 Figs. 1A to IE are schematic views for explaining 

a method of manufacturing a substrate having, e.g., an 
SOI structure according to a preferred embodiment of 
the present invention. 

In the step shown in Fig. 1A, a single-crystal Si 
20 substrate 11 to be used to form a first substrate (seed 
wafer) 10 is prepared, and a porous Si layer 12 serving 
as a separation layer is formed on the major surface of 
the single-crystal Si substrate 11. The porous Si 
layer 12 can be formed by, e.g., anodizing the 
_ 25 single-crystal_ _Si substrate 11 in an electrolyte 
solution (anodizing solution) . 

As the electrolyte solution, for example, a 
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solution containing hydrogen fluoride, a solution 
containing hydrogen fluoride and ethanol, a solution 
containing hydrogen fluoride and isopropyl alcohol, or 
the like can be used. More specifically, as the 
5 electrolyte solution, for example, a solution mixture 
containing an HF aqueous solution (HF concentration = 
4 9 wt%) and ethanol at a volume ratio of 2 : 1 can be 
used. 

The porous Si layer 12 may have a multilayered 

10 structure ' including two or more layers with different 
porosities. The porous Si layer 12 having a 
multilayered structure preferably includes the first 
porous Si layer with the first porosity on the surface 
side, and, under the first porous Si layer, the second 

15 porous Si layer with the second porosity higher than 

the first porosity. With such a multilayered structure, 
a non-porous layer 13 free from defects can be formed 
on the first porous Si layer in the step of forming the 
non-porous layer 13 later, and a bonded substrate stack 

20 can be separated at a desired position in the 
separation step layer. The first porosity is 
preferably 10% to 30% and, more preferably, 15% to 25%. 
The second porosity is preferably 35% to 70% and, more 
preferably, 40% to 60%. 

2-5- -When the above jsolution_ mixture (4 9 wt% 

hydrofluoric acid: ethanol = 2 : 1) is used as the 
electrolyte solution, preferably, for example, the 
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first layer (surface side) is formed at a current 
density of 8 mW for a process time of 5 to 11 min, 
and the second layer (inner surface side) is formed at 
a current density of 23 to 33 mA/cm' for a process time 
5 of 80 sec to 2 min. 

Next, at least one of the following steps (1) to 
,4) is preferably executed. The steps (1) and (2) are 
preferably executed in this order. More preferably, 
the steps (1), (2), and (3), or (1), (2), and (4, are 
10 executed in this order. Most preferably, the steps (1). 
(2), (3), and (4) are executed in this order. 

(1) Step of forming protective film on porous 
walls in porous Si layer (pre-oxidation step) 

in this step, a protective film such as an oxide 
15 film or nitride film is formed on the porous walls in 

the porous Si layer 12, thereby preventing any increase 
in porous size by later annealing. The protective film 
can be formed by performing annealing in an oxygen 
atmosphere (preferably at, e.g.. 200°C to 700»C, and 
20 more preferably at 300°C to S0O"C) . After that, the 
oxide film or the like formed on the surface of the 
porous Si layer 12 is preferably removed. This can be 
done by, e.g., exposing the surface of the porous Si 
layer 12 to a solution containing hydrofluoric acid. 

. _ 25 . (-2) -Hydrogen .baking .step . (pre^baking step) 

in this step, the first substrate 10 on which the 
porous Si layer 12 is formed is annealed in a reduction 
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atmosphere containing hydrogen at 800°C to 1,200°C. 
With this annealing, pores on the surface of the porous 
Si layer 12 can be sealed to some extent. If a native 
oxide film is present on the surface of the porous Si 
5 layer 12, it can be removed. 

(3) Trace material supply step (pre-injection 

step) 

When the non-porous layer 13 is to be grown on 
the porous Si layer 12, the non-porous layer 13 is 

10 preferably grown at a low speed by supplying a trace of 
raw material substance of the non-porous layer 13 at 
the initial stage of growth. With this growing method, 
atomic migration on the surface of the porous Si layer 
12 is promoted, and pores on the surface of the porous 

15 Si layer 12 can be sealed. More specifically, the 

supply of the raw material is controlled such that the 
growth rate becomes 20 nm/min or less, preferably 10 
nm/min or less, and more preferably, 2 nm/min or less. 

(4) High-temperature baking step (intermediate 
20 baking step) 

When annealing is executed in a reduction 
atmosphere containing hydrogen at a temperature higher 
than that in the above hydrogen baking step and/or 
trace material supply step, further sealing and 
25 flattening of— the- porous _Si_ layer 12 can be realized. 

At the first stage of the step shown in Fig. IB, 
the first non-porous layer 13 is formed on the porous 
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Si layer 12. As the first non-porous layer 13, an Si 
layer such as a single-crystal Si layer, poly-Si layer, 
or amorphous Si layer, Ge layer, SiGe layer, SiC layer, 
C layer, GaAs layer, GaN layer, AlGaAs layer, InGaAs 
5 layer, InP layer, or InAs layer can be used. It should 
be understood that a plurality of layers such as SiGe 
and Si layers can be formed as the first non-porous 
layer 13. 

At the second stage of the step shown in Fig. IB, 
10 an Si0 2 layer (insulating layer) 14 as the second 
non-porous layer is formed on the first non-porous 
layer 13. With this process, the first substrate 10 is 
obtained. The Si0 2 layer 14 can be formed, e.g., in an 
0 ? /H 2 atmosphere at 1,100°C for 10 to 33 min. 
15 In the step shown in Fig. 1C, a second substrate 

(handle wafer) 20 is prepared and brought into tight 
contact with the first substrate 10 at room temperature 
while making the insulating layer 14 face the second 
substrate 20, thereby forming a bonded substrate stack 
20 30. 

The Si0 2 layer 14 can be formed either on the 
single-crystal Si layer 13 side, or on the second 
substrate 20, or on both the single-crystal Si layer 13 
and the second substrate 20 as long as the state shown 
25 " in- Fig-.- 1G is -obtained when the first and second 

substrates are brought into tight contact with each 
other. However, when the insulating layer 14 is formed 
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,,„„ (e a . a single-crystal 
on the first non-porous layer (e.g.. 

Si layer) 13 side serving as an active layer, as 
described above, the bonding interface between the 
fi rst substrate 10 and the second substrate 20 can be 
separated fro. the active layer, and a se m iconductor 
substrate such as an SOI substrate with a higher 
quality can be obtained. Note that the insulating 
layer 14 may be omitted. 

After the substrates 10 and 20 are completely 
brought into tight contact, processing of strengthening 
bonding between the substrates is preferably executed. 
As an example of this processing, processing of, e.g., 
1) executing annealing in an N ; atmosphere at 1,100°C 
tor 10 min and 2, executing annealrng (oxidation, in an 
O/H atmosphere at 1.100-C for 50 to 100 min is 
pleierably performed. In addition to this processing, 
or in place of this processing, anodic bonding and/or 
compression may be executed. 

As the second substrate 20, an Si substrate, a 
substrate obtained by forming an SiO, layer on an Si 
substrate, a transparent substrate formed from quartz 
or the like, or a sapphire substrate can be used. 
However, a substrate of another type which has a 
sufficiently flat surface to be bonded may be used as 

5 " 'the -second- substrate -20 

In the step shown in Fig. ID, the bonded 
substrate stacK 30 is separated at the fragile porous 



layer 12 with a low mechanical strength using a 
separating method to be described later. 

In the step shown in Fig. IE, a porous layer 12b 
on the single-crystal Si substrate 11 on a separated 
first substrate 10' is selectively removed by etching 
or the like. The single-crystal Si substrate 11 
obtained in this way can be reused as a substrate for 
forming the first substrate 10 or as the second 

substrate 20. 

As a bonded substrate stack, a substrate prepared 
by the following method may be employed. First, a 
semiconductor substrate represented by a single-crystal 
Si substrate such as a mirror wafer or epitaxial wafer 
is prepared. An insulating film such as a thermal 
silicon oxide film is formed on the surface of the 
substrate, as needed. Next, ions such as hydrogen ions 
or rare gas ions are implanted into the substrate by 
ion implantation using a line beam or plasma immersion, 
thereby forming a relatively heavily doped ion 
implantation layer serving as a separation layer at a 
predetermined depth from the surface. The first 
substrate is obtained in the above manner. 

Next, the second substrate is prepared according 
to the same procedure as described above and bonded to 

- the- first- substrate. in Accordance with the 

above-described bonding method. With this process, a 
bonded substrate stack having a layer to be transferred 
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(transfer layer) inside can be obtained. 

The ion implantation layer is distorted or 
contains defects or pores formed from microcavities due 
to the implanted ions. Such an ion implantation layer 
5 has a relatively low mechanical strength and therefore 
functions as a separation layer. 

A separating method and apparatus according to a 
preferred embodiment of the present invention, which 
can be applied to the separation step shown in Fig. ID, 

10 will be described next. As a characteristic feature of 
the preferred embodiment of the present invention, in a 
separating method and apparatus for ejecting a fluid (a 
liquid such as a water or a gas such as a nitrogen gas, 
an argon gas, or air) toward the separation layer of a 

15 sample or composite member such as a bonded substrate 
stack so as to separate the sample or composite member 
into two substrates at the separation layer, the sample 
or composite member is separated at the separation 
layer while suppressing a variation in pressure of the 

20 fluid within a predetermined range so that the fluid 
maintained at substantially constant pressure is 
ejected from a nozzle. By this method, yield in the 
separating process can be improved. It is preferable 
that the pressure control is continued until the sample 

25 - or- compo s i-t e jnemhe r __i s .. comp 1 e t el y separated after the 
separating process starts. The variation in pressure 
preferably falls within 10% of the target pressure. 
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The sample or composite member such as a bonded 
substrate stack preferably has. outside the separation 
iayer, a concave portion which is recessed from the 
side surface. The concave portion can be formed either 
along the periphery of the separation layer or only at 
a position outside the separation layer. 

The method of separating a composite member such 
as a bonded substrate stack is disclosed in Japanese 
Patent No. 2,817,800 to Canon. 

To help understanding the present invention, a 
pl „ bl e, that may occur when the variation in pressure 
o£ the fluid is large will be described with reference 
to Figs. 4 to 6. Figs. 4 to 6 show a state wherein a 
oonded substrate stack is separated by a so-called 
5 water Jet apparatus using water as a fluid while 
rotating the bonded substrate stack. Fig. 4 
schematically shows the initial stage of separation 
processing. Fig. 5 schematically shows the 
intermediate stage of separation processing. Fig. 6 
20 schematically shows the final stage of separation 

processing. Referring to Figs. 4 to 6, a "separated 
reglon .. ls an already separated region, an "unseparated 
region" rs a region that has not been separated yet, 
and a "pressure" is the pressure of a fluid (jet 
«- pfeswrer.- -I-„-t h i.s-e,amp.l e ..-the.y,riayon .in pressure 
of the fluid falls within the range of ±20% of the 
target pressure. 
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When the variation in pressure of the fluid is 
large, the boundary (dotted lines in Figs. 4 to 6) 
between the separated region and the unseparated region 
is zigzagged. Such zigzagging greatly depends on the 
5 variation in pressure of the fluid. The characteristic 
feature of the variation in pressure changes every time 
the separation processing is executed. This means that 
the zigzagging path changes for each bonded substrate 
stack to be separated to impede improvement of the 

10 reproducibility of separation processing. Because of 
this poor reproducibility, the time required for 
separation processing changes for each bonded substrate 
stack. If such zigzagging becomes conspicuous, the 
separation force by the fluid that acts inside the 

15 bonded substrate stack may exceed an appropriate value. 
In this case, the bonded substrate stack 50 may be 
separated at a portion other than the separation layer 
to cause a defect in the separated substrate. 

A separating method and apparatus improved on the 

20 basis of the above examination will be described below. 
Fig. 2 is a view showing the arrangement of the 
separating apparatus according to a preferred 
embodiment of the present invention. A separating 
apparatus 100 horizontally holds a bonded substrate 

25 stack ~5TT a~s 'a "sample- or -compos ite_ member to be 

separated and injects a fluid (e.g., water) toward the 
porous layer of the bonded substrate stack 50 while 
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rotating the bonded substrate stack 50, thereby 
separating the bonded substrate stack 50 into two 
substrates at the porous layer. 

The bonded substrate stack 50 is held by a pair 
5 of substrate holding portions 105 and 106 which have a 
common central axis. The bonded substrate stack 50 may 
be held by a chuck mechanism provided in the pair of 
substrate holding portions 105 and 106 or by the pair 
of substrate holding portions 105 and 106. 

10 The upper substrate holding portion 105 is 

connected to a motor 101 through a rotating shaft 103 
and coupling 102. The rotational speed of the motor 
101 is arbitrarily controlled by a controller (not 
shown) . The rotating shaft 103 is axially supported by 

15 an upper table 113 through a bearing 104. 

The lower substrate holding portion 106 is 
connected to an air cylinder 110 through a rotating 
shaft 108 and coupling 109. Hence, the lower substrate 
holding portion 106 is vertically moved by the air 

20 cylinder 110. The air cylinder 110 is driven to set 
the bonded substrate stack 50 in the separating 
apparatus 100 and detach the separated substrates from 
the separating apparatus 100. The air cylinder 110 can 
also be driven to apply a press force or tensile force 

"25~ ~ (when -the -bonded substrate _stack is chucked) to the 
bonded substrate stack 50 as needed during the 
separation processing. The air cylinder 110 is 
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controlled by a controller (not shown) . The rotating 
shaft 108 is axially supported by a lower table 114 
through a bearing 107. 

A nozzle 120 for injecting a fluid is arranged on 
5 the lower table 114. The position of the nozzle 120 is 
adjusted in a direction (vertical direction) parallel 
to the axial direction of the bonded substrate stack 50 
and/or in a direction (horizontal direction) parallel 
to the planar direction of the bonded substrate stack 

10 50. The nozzle 120 is directed to the porous layer 

(concave portion) of the bonded substrate stack 50 by 
the position adjusting mechanism 140. 

The nozzle 120 is connected to the outlet of a 
servo-driven pump 200 through a high-pressure hose 121, 

15 valve 123, and high-pressure pipe 124. The 

servo-driven pump 200 has a pressure gauge 210 for 
detecting the pressure of the fluid at the outlet. On 
the basis of the output from the pressure gauge 210, 
the variation in pressure of the fluid is suppressed 

20 within a predetermined value (e.g., 10% of the target 
pressure) . 

Fig. 3 is a view showing the schematic 
arrangement of the servo-driven pump 200. Referring to 
Fig. 3, reference numeral 201 denotes a servo motor; 

25 - -20-2-, a -timing- bel.t;_ 2.03,. _a_ ball screw ;_ 204 and 205, 
O-rings; 206, a plunger; 207, a check valve; 210, a 
pressure gauge; and 220, a pressure controller. The 
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pressure controller 220 drives the servo motor 201 on 
the basis of the output from the pressure gauge 210 
provided at the outlet such that the variation in 
pressure of the fluid at the outlet (the pressure of 
5 the fluid to be supplied to the nozzle 120) is 

suppressed within a predetermined value. The servo 
motor 201 drives the plunger 206 through the timing 
belt 202 and ball screw 203, thereby applying a 
pressure to the fluid. 

10 A separating method using the separating 

apparatus 100 will be described next. 

First, the air cylinder 110 is actuated to move 
the lower substrate holding portion 106 downward, and 
the bonded substrate stack 50 is transferred to a 

15 predetermined position between the pair of substrate 

holding portions 105 and 106 by a transfer robot or the 
like. The air cylinder 110 is actuated to move the 
lower substrate holding portion 106 upward and cause 
the pair of substrate holding portions 105 and 106 to 

20 hold the bonded substrate stack 50. If the pair of 
substrate holding portions 105 and 106 have a chuck 
mechanism, it may be actuated to chuck the bonded 
substrate stack 50. In addition, a press force or 
tensile force may be applied to the bonded substrate 

-25__s_tack 5 Ql by the_ air cylinder 110. The bonded substrate 
stack 50 may be held by applying a press force to the 
bonded substrate stack 50 by the air cylinder 110 
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without chucking the bonded substrate stack 50. 

The position of the nozzle 120 is adjusted by the 
position adjusting mechanism 140 as needed such that 
the nozzle 120 is directed to the porous layer of the 
5 bonded substrate stack 50. The bonded substrate stack 
50 preferably has a concave portion on the peripheral 
side of the porous layer. Normally, when substrates 
having beveling portions are used as the first and 
second substrates, and the first and second substrates 

10 are bonded, a concave portion is formed by the beveling 
portions of the substrates. 

Before and after or simultaneously with the above 
operation, a preparation is done to inject a fluid from 
the nozzle 120. More specifically, the servo-driven 

15 pump 200 is actuated, and the operation waits until the 
pressure of the fluid (e.g., water) stabilizes within a 
predetermined range (e.g., within ±10% of the target 
pressure) of the target pressure (e.g., 500 kgf/crrO . 
The pressure of the fluid is increased by driving the 

20 servo motor 201 to reciprocally move the plunger 206. 

When the bonded substrate stack 50 is held by the 
pair of substrate holding portions 105 and 106, and the 
pressure of the fluid stabilizes, the valve 123 is 
opened to inject the fluid from the nozzle 120. The 

-25 pressure- of -the. f luid is jnaintained within a 

predetermined range (e.g., within ±10%) of the target 
pressure under the control of the pressure controller 
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220. 

Before and after or simultaneously with the above 
operation, the motor 101 is actuated to rotate the 
bonded substrate stack 50. In this state, the 
5 operation waits until the bonded substrate stack 50 is 
separated into two substrates at the porous layer. 

When separation of the bonded substrate stack 50 
is ended, the valve 123 is closed, and the motor 101 is 
stopped. Additionally, the servo-driven pump 200 is 

10 stopped as needed (for example, when no more bonded 
substrate stacks to be separated remain) . 

Next, the air cylinder 110 is actuated to move 
the lower substrate holding portion 106 downward. The 
two separated substrates are received from the 

15 substrate holding portions 105 and 106 by the transfer 
robot or the like. 

Figs. 7 to 9 show a state wherein the bonded 
substrate stack is separated while suppressing the 
variation in pressure of the fluid within a 

20 predetermined range using the separating apparatus 
shown in Fig. 2. Fig. 7 schematically shows the 
initial stage of separation processing. Fig. 8 
schematically shows the intermediate stage of 
separation processing. Fig. 9 schematically shows the 

2-5 final _s.tag.Q_ of__separation_ processing. Referring to 

Figs. 7 to 9, a "separated region" is an already 
separated region, an "unseparated region" is a region 



- 28 - 



that has not been separated yet, and a "pressure" is 
the pressure of a fluid (jet pressure) . In this 
example, the variation in pressure of the fluid falls 
within the range of ±2% of the target pressure. When 
5 the variation in pressure of the fluid is small, the 

zigzagging at the boundary between the separated region 
and the unseparated region can be suppressed small. 
This contributes to improve the reproducibility of 
separation processing and prevent any defect by 

10 separation processing. 

In the above separating method, the relative 
positional relationship between the nozzle 120 and the 
bonded substrate stack 50 is fixed, and in this state, 
the bonded substrate stack 50 is rotated and separated. 

15 In a separating method according to another embodiment 
of the present invention, at the initial stage of 
separation processing, the nozzle 120 is directed to a 
direction deviated from the center of the bonded 
substrate stack 50 (the peripheral portion of the 

20 bonded substrate stack 50), and the fluid whose 
variation in pressure is suppressed within a 
predetermined range is injected to the porous layer of 
the bonded substrate stack 50. After that, the bonded 
substrate stack 50 is separated at the porous layer 

"25 ~ "whiie- ehangi-ng-the_pc-_sitiqn_of_ the nozzle 120 gradually 
or stepwise such that it is directed to the central 
portion of the bonded substrate stack. In the 
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separating method according to another embodiment of 
the present invention, the bonded substrate stack is 
separated by the fluid whose variation in pressure is 
suppressed within a predetermined range while changing 
5 the fluid injection position for the bonded substrate 
stack 50 gradually or stepwise from the peripheral 
portion to the central portion of the bonded substrate 
stack 50. 

This separating method can be implemented by 

10 using the separating apparatus 100 shown in Fig. 2. 
More specifically, the position of the nozzle 120 is 
moved by the position adjusting mechanism 140 in 
separation processing. 

Figs. 10 to 12 show a state wherein the bonded 

15 substrate stack is separated by the separating method 
according to another embodiment of the present 
invention. Fig. 10 schematically shows the initial 
stage of separation processing. Fig. 11 schematically 
shows the intermediate stage of separation processing. 

20 Fig. 12 schematically shows the final stage of 

separation processing. Referring to Figs. 10 to 12, a 
"separated region" is an already separated region, an 
"unseparated region" is a region that has not been 
separated yet, and a "pressure" is the pressure of a 

25 fluid (jet? pressure-)-— -In-this -example, the variation 
in pressure of the fluid falls within the range of ±2% 
of the target pressure. 
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When the variation in pressure of the fluid is 
made small, the zigzagging at the boundary (dotted 
lines in Figs. 10 to 12) between the separated region 
and the unseparated region can be suppressed small. 
5 This contributes to improve the reproducibility of 
separation processing and prevent any defect by 
separation processing. 

When the fluid injection position for the bonded 
substrate stack 50 is changed gradually or stepwise 

10 from the peripheral portion to the center of the bonded 
substrate stack 50 in separation processing, the 
zigzagging at the boundary (dotted lines in Figs. 10 to 
12) between the separated region and the unseparated 
region can be made smaller. This is because when the 

15 fluid injection position for the bonded substrate stack 
50 is changed along with the progress of separation 
processing, any unexpected portion can be prevented 
from being separated. 
[Example of Semiconductor Device] 

20 A semiconductor device using a semiconductor 

substrate that can be manufactured by the above 
substrate manufacturing method (Figs. 1A to IE) and a 
method of manufacturing the device will be described 
next with reference to Figs. 13A to 13D. 

25 FigsV 13 A" To" ~13f)-are-sectiQnal jviews_ showing a 

method of manufacturing a semiconductor device using a 
semiconductor substrate that can be manufactured using 
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the substrate manufacturing method according to the 
preferred embodiment of the present invention. 

First, an SOI substrate having a semiconductor 
layer as a non-porous layer 13 and an insulating layer 
5 as a non-porous layer 14 is manufactured using the 

above substrate manufacturing method. An active region 
13' where a transistor is to be formed and an element 
isolation region 54 are formed by a method of 
patterning the non-porous semiconductor layer (SOI 
10 layer) 13 on the buried insulating layer 14 into an 
island shape or an oxidation method called LOCOS 
(Fig. 13A) . 

Next, a gate insulating film 56 is formed on the 
surface of the SOI layer (Fig. 13A) . Examples of the 

15 material of the gate insulating film 56 are silicon 
oxide, silicon nitride, silicon oxynitride, aluminum 
oxide, tantalum oxide, hafnium oxide, titanium oxide, 
scandium oxide, yttrium oxide, gadolinium oxide, 
lanthanum oxide, zirconium oxide, and a glass mixture 

20 thereof. The gate insulating film 56 can be formed by, 
e.g., oxidizing the surface of the SOI layer or 
depositing an appropriate substance on the surface of 
the SOI layer by CVD or PVD. 

A gate electrode 55 is formed on the gate 

25 insulating f ilm~ 56~ 1 Fig-. - -13A-) The. gate electrode 55 

can be formed from, e.g., polysilicon doped with a 
p- or n-type impurity, a metal such as tungsten, 
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titanium, tantalum, aluminum, or copper or 
m olybdenum, titanium, 

• • n At- least one of them, 
an alloy containing at le silicide , 

■Uride such as molybdenum silicide, tung 

iicide or a metal nitride sucn a S titanium 
or cobalt silicide, or 
5 nitride, tungsten nitride, or tantalum nitride. 

rail. o £ layers £ ormed rrom diiierent materials 
^ can be formed either by, e.g., 

The gate electrode 55 can oe 

Ltld called salicide <selr-allgn sillc ide or^ 

10 me thod called a damascene gate process r y ^ ^ 

m ethod. With the above process, a struc 

Fig. 13A is obtained. 

, ext , an n-type impurity such as phosphor, 

o antimony or a p-type Impurity such as boron 

forming 

r elatively lightly-doped source and drain g 
(Fig . i3B,. The impurity can be doped by, e.g., 

, i. v t-hprebv forming a 
- ^ SS and then etched back, thereoy 

" in:; i - - — - - - 

^~»rrjzZZZZZ**-„ 

25 again, thereby formxng relatively 

... with the above process, a 
and drain regions 57. Witn 

^- 1 i s obtained, 
structure shown in Fig. 13B is 
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ft m etal .no* .ave, 6 0 is for.ed on the »PP" 
surface of the gete electrode 55 and on - 
spaces of the source and drain regrons 57 . « P 
o£ the material o £ thecal silicide layer 
1« silicide. titans — « 

' can he forced by depositing a «t.l on the 

5 7 of tne gate electrode 55 and on tne upper 

upper surface of the ga perfo ™ing 

f the source and drain regions 5/, P 
surfaces of the unQer lying 

• ;::r:: 

- - — - •:;:i:rr,::'":r :: 

th e silicide layer may be nxtrxd 

a structure shown in Fxg - 13C 
above process, a struct 

15 0btainSd ' f - lm 61 is formed on the upper 

An insulating film 61 is 
sur£a ce of the gate eiectrode and on the upper surges 

•„ fFia 13D). As the materxal of the 

lnt0 3 SU1C ; 1 si c n oxide containing phosphor 

20 insulating film 61, sxixc 

and/or boron can be used. 

Contact holes are for m ed in the insulatrng fx* 
61 by CMP, es needed. When photolithography usmg 

rla ser ArF excimer laser, F , exci.er laser, 
_ - " ' x , rays - ls . used. a. rectangular confab 

25 electron beam, or X-rays 

hole „ lth . side seller than 0. 2 5 . or a c r - 
^ 3me ter smaller than U.zd ^ 
contact hole havxng a dxamete 
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be formed. 

Next, the contact holes are filled with a 
conductor. To fill the contact holes with a conductor, 
a film of a refractory metal or a nitride thereof, 
5 which serves as a barrier metal, is formed on the inner 
surface of each contact hole, and after that, a 
conductor 63 such as a tungsten alloy, aluminum, 
aluminum alloy, copper, or copper alloy is deposited by 
CVD, PVD, or plating. A conductor may be deposited to 

10 a level higher than the upper surface of the insulating 
film 61 and removed by etch back or CMP. Alternatively, 
before the contact holes are filled with the conductor, 
the surface of the silicide layer in the source and 
drain regions, which is exposed to the bottom portion 

15 of each contact hole, may be nitrided. With the above 
process, a transistor such as an FET can be formed on 
the SOI layer, and a semiconductor device having a 
transistor with a structure shown in Fig. 13D can be 
obtained. 

20 When the thickness and impurity concentration of 

the active layer (SOI layer) 13' are defined such that 
a depletion layer formed upon applying a voltage to the 
gate electrode reaches the upper surface of the buried 
insulating layer 14, the formed transistor operates a 

25 complete depletion "type- transistor.. _When the thickness 
and impurity concentration of the active layer (SOI 
layer) 13' are defined such that the depletion layer 
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does not reach the upper surface of the buried 
insulating layer 14, the formed transistor operates a 
partial depletion type transistor. 

According to the present invention, the 
5 reproducibility and yield in separating a sample or 
composite member such as a bonded substrate stack are 
improved. 

As many apparently widely different embodiments of 
the present invention can be made without departing from 
10 the spirit and scope thereof, it is to be understood 
that the invention is not limited to the specific 
embodiments thereof except as defined in the appended 
claims . 
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